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(54) Process for the synthesis of 2-butene -1 ,4-diesters 

(57) Process for the synthesis of 2-butene-1 ,4- 
diesters starting from 1 ,3-butadiene which comprises: 



a) the epoxidation, at pH of between 5 and 7, of a 
double bond of butadiene, by reaction with H 2 0 2 , in 
the presence of titanium silicalite as catalyst; and 

b) the regioselective esterification of the monoe- 
poxide thus obtained. 
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Description 

The present invention relates to a process for the synthesis of 2-butene-1 ,4-diesters. 

More specifically the present invention relates to a process for the synthesis of 2-butene-1 festers starting from 
5 1,3-butadiene. 

2-butene-1 ,4-diesters are products which are known in literature and can be used as intermediates in numerous 
organic syntheses. In particular 2-butene-1,4<iiesters can be used as intermediates for the synthesis of 1,4-butandiol, 
a monomer for the production of polyols, polyesters and polyurethane resins, or a further intermediate for the production 
of other organic compounds such as, for example, tetrahydrofuran. 
w In fact, 2-buterie-1 ,4-diesters having general formula 



RCOO 
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OOCR' 



wherein R and R\ the same or different, are C r C 10 alkyl or isoalkyl radicals or C 6 -C 12 aromatics, can be easily hydro- 
genated and subsequently hydrolyzed. with conventional techniques, to give 1,4-butandiol: 

20 

HO-(CH 2 ) 4 -OH 

One of the most well-known processes for the production of 1 ,4-butandiol is described in Ullmann's Encyclopedia 
of Industrial Chemistry, Fifth Edition, vol. A4, page 455. According to this process 1,4-butandiol is prepared by the 
25 hydrogenation of 2-butino-1 ,4-diol in turn prepared by reaction between acetylene and formaldehyde. 

As this process uses a raw material which is difficult to treat, such as acetylene, various alternative processes have 
been proposed in literature. An example is described in Italian patent application M192A 001785 which discloses the 
preparation of 1,4-butandiol by the regioselective hydrogenation of the corresponding diepoxide (1 ,2,3,4-diepoxybu- 
tane). 

30 An alternative method for the production of 1 ,4-butandiol could be represented by the hydrogenation and subse- 
quent hydrolysis of 2-butene-1 ,4-diesters. This method however has not been followed so far as there are no known 
processes which allow the synthesis of these intermediates with high yields and selectivities. 

The purpose of the present invention is to provide a new process for the preparation of 2-butene-1 ,4-diesters in 
which yields and selectivities are sufficiently high as to make the process interesting from an industrial point of view. 

35 The present invention therefore relates to a process for the synthesis of 2-butene-1 ,4-diesters starting from 1 ,3- 
butadiene which comprises: 

a) the epoxidation, at pH of between 5 and 7, of a double bond of butadiene, by reaction with hydrogen peroxide in 
the presence of titanium silicalite as catalyst; and 
40 b) the regioselective esterif ication of the monoepoxide thus obtained. 

According to the present invention, the epoxidation of the double bond of butadiene takes place by reaction with 
hydrogen peroxide in an aqueous solution at 10-60% by weight in a monophase or biphase aqueous-organic system. 
In the latter case organic solvents, in addition to water, are used as solvents, selected from alcohols such as methanol. 
45 ethanol or t-butanol; ketones such as acetone or methyl-t-butylketone; ethers such as methyl -t-butyl ether (MTBE) or tet- 
rahydrofuran (THF); esters such as methylacetate or ethylacetate (AcOEt); acetonitrile; chlorinated solvents such as 
dichloromethane. 1 ,2-dichloroethane (DCE) or 1 ,1 ,2,2-tetrachloroethane; etc. The ratio in volume water/organic solvent 
is generally between 0.01 and 1 . 

The monoepoxidation catalyst consists of titanium silicalite. a synthetic zeolite containing titanium, silicon and oxy- 

so gen and corresponding to the formula: 

xTi0 2 *(1-x)Si0 2 

wherein x is between 0.0001 and 0.04. Details on titanium silicalite can be found in Belgian patent 886.812. 
55 The epoxidation reaction of the double bond of butadiene is carried out under such conditions as to minimize the 
production of by-products such as 1-butene-3 ,4-diol or diepoxides. 

In particular the monoepoxidation reaction is carried out in an acid environment maintaining the pH of the reaction 
mass at between 5 and 7. This result can be obtained by adding alkaline aqueous solutions to the reaction environment, 
for example based on NaOH, KOH or NH 4 OH. or acid aqueous solutions, for example based on H 2 S0 4 , H 3 P0 4 or 
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CH 3 COOH. 
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w RR'(CO) 2 0 

, ^ verification region is S oS an ?n2 a w ? * tMul ' Suiteble 
alyst based on pa,iadi U m. More f " 8 m ° nophase *** m in Presence of a cat- 

in situ starting from a precursor cSS^lm^! f Z a ,. e ° mptex ° f whic " * normaTy prepS 

capaWe as such, of catalyzing the esterificaZ r^ 

Phospn^ro^ 
(PPhgMe) and 1,10-phenanthroline, also substituted. 

can oe used as ligands. preferably diphenylmethyiphosphine 

vents such as hexane. heptane, cyclohexanTet? IZ ™ ™noepox.dation reaction or from hydrocarbon sol- 
acetate, etc.; or from chlorinated Len^t^^Zt^ T ^^^ ^^ 
The concentration of monoeDoxide in tho -^TT! cnlor| ae. dichloroethane, etc. ' 
the catalyst is used in such VXSZ5XZ!* m U ° 20%b >™^ preferably from 1 to 10% whereas 

between 10 and 5.000. * ' * m °' ar rat '° ™"°ePOx,de/Madium is between 10 and 10 000 pSy 
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EXAMPLE1 
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K»l *re, rrtux coMense, cooled* , iS^Z^T ! S 8 ™* *" pH m *" su,s ' w •» to « ™»» 
5% of KOH dropwise. * l ° W ° corr **>"9 the pH to 6.5 by adding an aqueous solution at 

, 01 1,34m™., equal ,o 7.6 „ (1 33 " l™"J^,'* e,e ' 5 **» •» <°"»<H 20 «, ft, 

J?«ata MkM fa a taihe, ho» a!40°CandpH 6.5. 
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EXAMPLE 2 



EP0795 537A1 



Example 1 was repeated with an overall reaction time of 4 hours. A yield of 64% and a selectivity of 64.7% (referring 
to the hydrogen peroxide) wer obtained. 

5 

EXAMPLES 3-7 

Operating as described in example 1, the following examples were carried out substituting ethanol with other sol- 
vents miscible with water shown in Table 1 . 

10 

TABLE 1 
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Ex. 


Solvent 


Yield (H 2 02)% 


Select.(H 2 0 2 ) % 


3 


Methanol 


68.6 


69.3 


4 


t-Butanol 


32.4 


56.0 


5 


Acetonitrile 


22.2 


52.2 


6 


Tetrahydrofuran 


12.7 


29.2 


7 


Acetone 


21.7 


33.4 



25 EXAMPLES 8-11 

Operating as described in example 1, the following examples were carried out substituting ethanol with other sol- 
vents partially miscible with water shown in Table 2. 

30 

TABLE 2 



Ex. 


Solvent 


Yield (H 2 0 2 ) % 


Select.(H 2 02) % 


8 


Ethylacetate 


43.8 


62.0 


9 


Methylacetate 


31.2 


65.4 


10 


MIBE 


26.7 


51.2 


11 


Pinacolone 


24.0 


60.3 



40 

EXAMPLE 12 

45 The same procedure was used as in example 1 . operating with 1 ,2-dichloroethane, a solvent immiscible with water. 
A yield of 47% and a selectivity or 58.8% (again referring to the hydrogen peroxide) were obtained. 

EXAMPLE 13 (Comparative ) 

so The same procedure was used as in example 3 without making any correction of the pH. A yield of 41 .3% and a 
selectivity of 42.2% (referring to hydrogen peroxide) were obtained. 

EXAMPLE 14 (Comparative) 

55 The same procedure was used as in Example 13 using as catalyst the titanium silicalite of example 1 previously 
treated with an aqueous solution of sodium acetate at 0.5% at reflux temperature, subsequently washed with deminer- 
alized water and with methanol, then dried and calcined at 550°C. 

A yield of 39.8% and a selectivity of 65%, referring to the hydrogen peroxide, were obtained. 
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EXAMPLE IS (Cornpqrqtivp) 

25 .^tr o^ 00 ^ jn — * 9 bU « *• PH «o 7-7. a * ,d of 9. 

5 

EXAMPLES 1fi-lft 

The same procedure was used as in example 15, but with different pH values, 



3% and a selectivity of 



as illustrated in Table 3 below. 
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TABLE 3 


Ex 


PH 


Yield (H 2 0 2 )% 


Select. (HgOg) % 


16 


7.0 


19.3 


59.1 


17 


6.2 


39.3 


59.2 


18 


5.9 


47.0 


58.3 
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EXAMPLE 1Q 

Example 3 was repeated, charging 29 ml of demineralized 



EXAMPLE ?n 



!!!!!.- f n5t x e !? ?J? ^} 196 mmo,es ° f 1.2-epoxy-3- 

the hydrogen peroxide. 



JS. SX^SSIS" 1 ^ I f r0litreS 0< ^-yimeth^osphine (0.043 
so with magnetic stirrin * f ° '"I" 1 *™ 6 0 mm0,e) were cbat ^ into a fl «k equipped 
in 2 ml of THF were men fed ^ a,mos P fiere «* W. 70 mg (1 mmole) of 1 .2 -epoxy-3-butene 



EXAMPLE 21 • 



epoxy-3-butene 
using 
83% 



EXAMPLE 2P 
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Example 20 was repeated substituting the diphenylmethylphosphir 
Jsphine. After 24 u - - 
valate were obtaii 

EXAMPLES P.? - 97 



phosphine. After 24 hours a conversion l oi 'l^^ZZ^^^ ^ ™ " Umber of moles * tri P hen y'- 
dipiva.ate wereobtain* wi* a Z™£ ™" TOnoe ^ de *" d a V* of SS*,*, of 2-butendiol 1,4- 



The same procedure was used as in example 20, substring tetrahydi ofuran 



with the solvents reported in Table 4. 
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TABLE 4 
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Ex. 


Solvent 


Yield butadiene monoe- 
poxide1,4-diester(%) 


Ratio 1,4/1,2 




23 


AcOEt 


68 


3.5 




24 


CH 2 CI 2 


63 


5.1 


10 


25 


DCE 


64 


3.9 




26 


CH 3 CN 


40 


1.2 




27 


Me(OCH 2 CH 2 ) 4 OMe 


68 


3.4 
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Claims 

t. *P^tot)»s^l S of^^l. M eae res lrt^to m ,.3^ e „ewhi* C o^rtses: 



b) the reg.oselective ©Verification of the monoepoxide thus obtained. 

1 «^ > ^ te * m, ° r2 -^ rein ^^^ 
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x710 2 -(1-x)Si0 2 



wherein x is between 0.0001 and 0.04. 



RR'(CO) 2 0 

wherein R and R', the same or different, represent C r C 10 (iso)alkyl radicals or C 6 -C 12 aromatcs. 

9 ' wZ S° OTd,n ° " ** °" h '' pr """ ,s datas ' ■*«* •» ""*» «*> -WtM. * 
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